Introduction
The purpose of this study was to compare the statistical power of a variety of exact tests in the 2 x C ordered cat egorical contingency table using StatXact software. The Wilcoxon Rank Sum, Expected Normal Scores, Savage Scores (or its Log Rank equivalent), and Permutation tests were studied. Results indicated that the procedures were nearly the same in terms of comparative statistical power.
The development and wide-spread availability of personal computers with increased power in the early 1980s to the present have provided user-friendly statistical pack ages which make it possible for the applied researcher to easily carry out computation-intensive statistical proce dures with high-speed and accuracy. Randomization and permutation tests, examples of computer-intensive proce dures, yield exact p values instead of asymptotic p values. Mehta and Patel (1995) underscored the importance of using exact p values with an example, where the asymp totic Pearson Chi Squared (x2) test for row and column interaction in a 3 x 9 contingency table produced an ob served test statistic of x2 = 22.29. The p value associated with this obtained value for v(16) is 0.1342. However, the p value associated with the exact distribution of x2 for the tail area to the right of 22.29 is 0.0013, which indicates there was a significant row and column interaction in the contingency table. This clearly demonstrates the power superiority of using the exact p value.
There are other reasons to support the preference of randomization and permutation tests over asymptoti cally-derived procedures in applied small samples research.
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Consider again the asymptotic x2 test. It is well known that for sparse contingency tables, "the usual chi-squared as ymptotic distribution... is not likely to yield accurate p-values" (Mehta & Patel, 1995, p. 577) . Moreover, the nature of small samples research lends itself to one or more (if not most) cells with expected values less than five. The statistical literature is replete with warnings about conduct ing the asymptotic x2 test under these conditions. Some authors protest if even a single cell has an expected fre quency of less than five, though others permit up to twenty percent of the cells with low expectancies.
The analysis of continency data, which results in the commonly applied asymptotic x2 test, is frequent in behavioral and educational research. Of particular interest in this article is the ordinal categorical layout, which is comprised of two categorical groups with ordinal level outcomes. For example, in a study on the research experi ences of doctoral students and publication rates after gradu ation, Troup-Leasure, Eichelberger, and Zigmond (1992) analyzed a 2x3 layout of apprenticeship (yes or no) and rate of publication per year (zero, less than one, one or more). Grissom (1994) examined a 2x3 layout of two types of marital therapies for which three levels of outcome (di vorce, no change, improve) occurred. Frequently, in ap plied ordinal categorical studies such as these, the asymp totic x2 or asymptotic Wilcoxon test is calculated, or the results are analyzed solely with descriptive statistics such as percentages or correlations.
The Current Study
Given the propensity of the 2 x c ordinal categori cal layout in applied research, the purpose of this study was to compare the statistical properties of computer-intensive nonparametric tests. The competing tests were the asymptotic x2> which was included for comparison pur poses, and the computer-intensive exact versions of the following four tests: Wilcoxon Rank Sum (WRS), Expected Normal Scores (ENS), Savage Scores (SS) or its Log Rank equivalent, and Permutation (P).
Methodology
Considerable small samples research has been conducted on the properties of various statistics using pseudo-ran dom number generators to model real data sets. However, Micceri (1989) pointed out the "need for careful data scru tiny prior to analysis" (p. 161), and therefore, real data sets were obtained for the current study using the sampling plan discussed below.
Sampling Plan
Twenty-nine education and psychology journals were canvassed, primarily from the four year period of 1992 -1996. A list of journals, the number of articles in which 2 x c data sets were found, and the number of data sets, are compiled in Table 1 . The competing tests (asymptotic x2, and the exact WRS, ENS, SS, and P) were then applied to the data sets obtained from these studies.
The software used was StatXact 2.0-4.0 (Gajjar, Mehta, Patel, & Senchaudhuri, 1992) for exact nonpara metric inference. (Note that version 5.0 has subsequently been released.) Results below permit a direct comparison of these statistics on real data commonly found in social and behavioral science research. The hypotheses being tested in all cases is the test for interaction. In some situa tions, this is a test of independence with regard to the out come variable. In other cases, the data sets are simply cross tabulations of demographic variables.
Results
The survey yielded 149 ordinal categorical data sets of a 2 x c design collected from 73 articles published in refereed journals. Four distinct formats were encountered in the data: 1) the simple 2 x c design; 2) a 4 x c design, which con sisted of a table with two distinct sets of two categories. For example, Table 2 shows four categories of psycho logical problems according to grade levels (used ordinally). For this data set, two 2 x c tables were arbitrarily con structed to include Em otional and C onduct as the categories of the first table and ADD and LD as the cat egories in the second 2 x c. 3) Nested designs were handled as multiple data sets. For example, Cherian (1992) reported parental education on an ordinal scale of low, middle and high for boys and girls from families with varying life sta tus of parent(s) ( Table 3) . This example yielded two other data sets, by gender and by life status, both of which en gaged the same ordinal levels of parent education, or c. 4) Other nested designs encouraged the summing of subdivi sions, as noted in Table 4 . The table portrayed several sub categories of men and women who were placed in ordinal levels of young, middle-aged or senior age groups. The subdivisions of each gender category were summed to de velop a single data set.
Sample sizes for the selected studies ranged from ten to 19,256, and contained from three to eight ordinal levels (c) of outcome data. Ninety-seven (65.1%) of the studies had three ordinal levels, 32 (21.5%) had 4 levels, 15 (10.1%) had 5 levels, one (.7%) had six levels, one (.7%) had seven levels, and three (2%) studies had eight The p values compiled in Table 5 for each non parametric exact test, in addition to the asymptotic p val ues for the x2 test, include an asterisk if the value was sig nificant at a = 0.0500. StatXact Turbo software carried out the decimal to four places; thus, p values of 0.05 with values higher than zero in the third or fourth decimal place were not reported as significant.
Error messages sometimes occurred with larger data sets: "The problem (was) too large for the test op tion". When this occurred, the test was rerun with the "Monte Carlo (MO) option". P values for the Monte Carlo option result from employing 20,000 iterations (99% con fidence level), and are indicated in parentheses in Table 5 . StatXact reported Monte Carlo results either as a confi dence interval, or, for example as with data set 41, as 0.0053 ± 0.0013. (Note that these lower and upper bounds of the interval are not included in Table 5 .) Conclusion categorical contingency tables, for both theoretical reasons and in terms of power to detect row and column interac tions. On the basis of this study, the exact versions of the Wilcoxon, Expected Normals, Savage, and Permutation tests appear to be comparable in terms of statistical power.
Clearly, the x 2 should be avoided in analyzing ordered 
